The effects of implantation of acrylic monomer on the cardiovascular response were studied in 37 patients undergoing hip arthroplasty and receiving high-dose f entanyl anaesthesia, under normotensive conditions or during hypotension induced by trimetaphan (TMP), sodium nitroprusside or nitroglycerine. Heart rate, mean arterial pressure (MAP), the ventricular stroke volume (SV) and the cardiac output (CO) were monitored before, and at 1, 2, 4, 6, and 8-min intervals after the insertion of the acrylic cement into the acetabulum or the neck of femur. There was a moderate decrease in MAP after insertion into the acetabulum under normotensive conditions and TMP-induced hypotension, while the reduction in pressure was significant after the cement's application in the femur. Heart rate did not change on insertion of the monomer in any of the patients. Moderate decreases in SV and CO were observed during normotension or TMP-induced hypotension. There were no significant changes in the cardiovascular haemodynamics on the insertion of the acrylic material under hypotension induced by nitroprusside or nitroglycerine.
A considerable body of evidence exists which describes the changes in systemic arterial pressure and cardiac output, on insertion of acrylic monomer during hip arthroplasty. However, there is much less information on the potential effects of the acrylic cement on these variables in man, during controlled hypotension with trimetaphan, nitroprusside or nitroglycerine. This study was designed to investigate the possible effects of the monomer on certain haemodynamic indices, during hypotension induced by these three commonly-used hypotensive drugs.
PATIENTS AND METHODS
Thirty-seven patients (25 women) undergoing hip arthroplasty were studied. They were subdivided into four groups. The age, weight, duration of operation, sex, haemoglobin concentration and haematocrit were comparable in each group (table   D- In group 1 (control) systemic arterial pressure was maintained at physiological values during surgery. In groups 2, 3 and 4, the patients underwent surgery The patients were premedicated with atropine 0.5mg, promethazine 25mg and pethidine 25mg i.m. 1 h before operation. Anaesthesia was induced with fentanyl 6ngkg~' and methohexitone sodium O.Smgkg" 1 i.v. Tracheal intubation was facilitated with tubocurarine 0.4 mg kg" 1 i.v. An indwelling cannula (Venflon 1.2 mm, Viggio) was inserted to the radial artery and, via a disposable Pressurveil transfer unit with membrane depressor tube, was connected to an arterial gauge (Concept Inc.) . Throughout surgery, the heart rate and ECG were monitored continuously (Hewlett Packard models 7803 B and 78203 A).
Supplementary doses of fentanyl (one-half of the induction dose) and tubocurarine 5 mg were given intermittently to all the patients to maintain analgesia and neuromuscular blockade. The patients lay supine, and their lungs were ventilated with 50% nitrous oxide in oxygen (Servovent Ventilator). Hypotension was induced in group 2 with 0.1% trimetaphan, in group 3 with 0.01% sodium nitroprusside, and in group 4 with 0.01% nitroglycerine, made up in 5% dextrose solution. Five minutes before incision the infusion of the hypotensive agent was started at a pre-determined rate (25-30 ngmin" 1 in the case of SNP and GTN, and 250-300ngmin" 1 for TMP) via an infusion pump (IVAC 981). In addition each patient received 1.5 1 litre of an isotonic electrolyte solution (Ringer acetate and 10% fructose-glucose mixture (Invertose) on the day of operation. Routine blood-gas analyses were obtained before, during and after anaesthesia, and during controlled ventilation any necessary adjustments were made to achieve PCO2 values between 3.8 and 4.5kPa. However, during the monitoring of SV by impedance cardiography, ventilation remained constant in all subjects. At the end of surgery neuromuscular blockade was reversed with atropine 1.0mg and neostigmine 2.5mg, and any fentanyl-induced respiratory depression by naloxone 0.2 mg i.v. Following surgery, the patients breathed oxygen 2 litre via a nasal catheter.
The changes in the stroke volume and the heart rate were monitored continuously by a Minnesota Impedance Cardiograph (Instrumentation of Medicine Inc. model 304 A). Mean arterial pressure was measured, just before the insertion of the acrylic cement in the acetabular cavity or the neck of femur and at intervals of 1, 2, 4, 6 and 8min after its application (tables II -V, figs 1-4). On each occasion four tracings of the first derivative of the impe- 2 . TXdz/di)^, where AV=the ventricular stroke volume (ml); p = the electrical resistivity of blood at 100 kHz (ohms-cm); L = the mean distance (cm) between the two inner electrodes (measured front and back); Zo = the impedance (ohm); between the two inner (potential) electrodes; (da/df)mm = ohms"'; T = ventricular ejection time (s); CO = SV x HR. The corresponding value of the blood resistivity was inserted into this equation (determined from the value of the haematocrit at each calculation). (fig. 1) Of the 11 patients operated on under normotensive conditions, the application of acrylic cement in the acetabulum decreased MAP by 11% in six patients and by 8% in two. In the remaining three patients the change was insignificant. On insertion of cement into the femur, MAP decreased by 24% in seven patients; no significant change was observed in the other four patients. The decrease in MAP was maximal within the first 1-4 min following both insertions (table II) . During hypotension induced with SNP and GTN no changes were observed on the application of the acrylic monomer (tables IV, V). During controlled hypotension with TMP, there was a slight increase in MAP in three patients after insertion of cement to the acetabulum. A moderate decrease in MAP was seen after the insertion to the femur and this was maximum at the 8-min interval in six of the patients (10%) (table III).
RESULTS

Mean arterial pressure
Stroke volume (fig. 2)
In group 1, a mean decrease in SV of 12% was noticed on the insertion of cement to the acetabulum in the majority of patients and a mean decrease of 7% was recorded in eight patients after femoral application. The decrease in the SV was greatest in the 4-8-min interval after the acrylic implantation. Changes in the stroke volume during hypotension produced by SNP or GTN were insignificant, in most of the patients (tables IV, V). Under TMP hypotension there was a moderate decrease in SV in the majority of patients, after both the acetabular and the femoral application of the monomer (table  III) .
Heart rate (tig. 3)
There were no acute changes in HR on application of the cement to either site during deliberate hypotension. Although there were minor changes in heart rate in group 1 these could not be attributed to the acrylic monomer as such minor changes are often encountered during general anaesthesia.
The insertion of acrylic cement caused little change in CO during hypotension induced by SNP or GTN. However, during TMP-induced hypotension there was an average decrease of 7% after acetabular insertion and of 9% after femoral application in eight patients. These decreases were transient and cardiac output increased towards control values 4min after the insertion of the cement. The application of the acrylic material (acetabular or femoral) decreased CO significantly under normotension at the 4-8-min period, by 11% and 15% respectively (table II) . After acetabular insertion there was a 15% decrease in seven patients and a 19% decrease in CO in six patients on femoral insertion.
Stroke work index and cardiac output (figs 3 and 4)
After the insertion of the acrylic monomer, SVI and CI were unaltered during the infusions of SNP and GTN. A mild but transient depression of these indices was observed during TMP hypotension but was restored, in most patients, by the 6-8-min interval. Under normotensive conditions SVI and CI were decreased significantly in the majority of patients on both acetabular and femoral insertions of the monomer. However, the decreases only lasted for 5-7 min. During operation Pao? was greater (mean 21.7; range 14.3-29.2 kPa) than the value before operation (mean 12.2; range 9.9-14.8 kPa). There was no evidence of respiratory acidosis in the period after operation.
DISCUSSION
The changes in arterial pressure and cardiac output observed in this study suggest that the monomeric cement possesses a potent vasodilator action. It was observed, during SNP and GTN-induced hypotension, that the cement did not potentiate the vasodilator actions of the nitroprusside or nitroglycerine at the values of MAP (60-65 mm Hg) achieved. The situation was apparently different when trimetaphan was being administered, as a relatively greater femoral absorption of the monomer either intensified the weaker vasodilator action of TMP or demonstrated its own independent peripheral vasodilator effect. Why this should occur with TMP and not with SNP or GTN, could be explained, most probably, by the elimination of an existing beta-receptor stimulation in the same manner as beta-blocking drugs act during halothane anaesthesia (Stephen, Davie and Scott, 1971) . Furthermore, trimetaphan, when given alone, does not decrease the cardiac output and is not thought to have a direct depressant action on the myocardium (Nitter-Hauge, 1978) .
Our findings during normotensive anaesthesia agree in part with those of Peebles and co-workers (1972) who observed similar decreases of arterial pressure subsequent to the application of the cement in dogs. However the compensatory increase in HR and consequent increase in CO were not observed in the present study. It is possible that the lack of alteration in heart rate could be a result of the large dose of fentanyl, which could have suppressed the increased adrenergic response to the surgical stimulation. It did not, however, block the baroreceptor response as a continuous infusion of the hypotensive drugs was required throughout surgery, in addition to the supplementary doses of fentanyl, both during induced hypotension and under normotensive conditions.
Impedance cardiography is convenient and, being non-invasive, is especially valuable for monitoring changes in CO repeatedly in anaesthetized patients. The absolute values obtained by many workers during comparative evaluation of the thoracic impedance and isotope dilution methods for measurement of cardiac output, demonstrate frequent overestimations (Judy et al., 1969; Lababidi et al., 1971; Rasmussen, Sorensen and Kann, 1975) . Although less precise in absolute terms than invasive techniques, the results are reproducible and accurate (Baker et al., 1971; Hill and Lowe, 1973; Kubicek et al., 1974; Hill and Thompson, 1975; Casthely, Ramanathan and Chalon, 1980) . The general opinion is that, in order to improve accuracy, the knowledge of the blood resistivity corresponding to the instantaneously determined haematocrit value is essential for each calculation of stroke volume. The changes in magnitude are, thereby, thought to be comparable to those obtained by the dye-dilution techniques.
From the data collected during this study we found that there was a predominant but transient depression of MAP and CO during normotension or TMP-induced hypotension, on the insertion of the acrylic cement. The changes in these parameters were insignificant during SNP or GTN-induced hypotension. It seems appropriate to assume that a short period of time is needed by the circulation to adjust to the monomer-induced changes in haemodynamics during general anaesthesia as well as after ganglion blockade.
We would, therefore, suggest that, as a result of this investigation, sodium nitroprusside, or nitroglycerine, are preferable to trimetaphan as agents for the induction of deliberate hypotension during hip arthroplasty. Y EN LA PRESION SISTEMICO ARTERIAL  DESPUES DE LA INYECCION DE CEMENTO  ACRILICO DURANTE LA HIPOTENSION  INDUCIDA POR TRIMETAFAN,  NITROPRUSIATO DE SODIO Y TRINITRATO DE GLICEROL Comparacidn con los cambios durarue la normotension SUMAWO Sc estudiaron los efectos de la implantadon de monomero acrflico sobre la respuesta cardiovascular de 37 pacientcs sometidos a artroplastia de la cadera, a los que se les administro una elevada dosis de anestesia por fentanilo, bien bajo condidones normotensivas o durante la hipotensi6n inducida por trimetafan, nitroprusiato de sodio o nitroglicerina. Se controlaron el ritmo cardiaco, la presion arterial media (PAM), el volumen de la produccion ventricular por latido (W) y la produccion cardiaca (PC) antes de la insercion del cemento acrilico en el acetabulum o en el cuello del femur, y a intervalos de 1,2,4,6 y 8 minutos despues de dicha insercion. Se observ6 una disminucion moderada de la presion arterial media despues de la insercion en el acetabulum bajo condiciones normotensivas y una hipotension inducida por el trimetafan, al tiempo que la reducci6n de la presion fue signif icativa despues de aplicarse el cemento en el femur. Se observaron disminuciones moderadas del W u de la PC durante la normotension o la hipotensi6n inducida por el trimetafan. No se observaron cambios signif icativos en los aspectos hemodinimicos cardiovasculares al insertar el material acrflico bajo la bipotcnsi6n inducida por el nitroprusiato o la nitroglicerina.
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